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SOLAR OBSERVATIONS DURING SKYLAB
APRIL 1973 - FEBRUARY 1974
I. CORONAL X-RAY STRUCTURE
II. SOLAR FLARE ACTIVITY

by

J. M. Hanson
Department of Aeronautical Engineering, University of Michigan

Ann Arbor, Michigan

E. C. Roelof and R. E. Gold
Applied Physics Laboratory. The Johns Hopkins University

Silver Spring, Maryland

I. CORONAL X-RAY STRUCTURE

ABSTRACT

Large-scale (- 10*) emission features visible in softX-ray photographs from the American
Science and Engineering, Inc. (ASE) spectrographic telescope S-054 on Skylab have been
superposed on Ha Synoptic Charts [M Dttoeh, 1376] for Carrington Rotations 1601 through
1610. The charts identify loop arcades and loop complexes associated with strong magnetic
fields, as well as coronal holes and areas devoid of emission loops. Although not
adequate for the study of the geometry of Individual features, the charts convey a global
sense of coronal structure which is often difficult to obtain from individual (disk)
images.

1. INTRODUCTION

The interest of our group at the Johns Hopkins University/Applied Physics Laboratory in the American Science
and Engineering, Inc. soft X-ray images of the solar corona began with the first association of a solar wind
stream with a coronal hole photographed on a rocket flight in 1970 (1.iager et at., 1973]. Later, the ASE Skylab
data from the S-054 X-ray spectrographic telescope allowed us to extend the associations between coronal X-ray
structure and solar wind streams [Krieage et at., 1976; AbIt et al., 207&, Mitezl et al., 1980] and to include
energetic particles from 300 keV to > 3 GeV [&cbd et al., 29?&, b; Poatof at al., 1971a, b; Po lof, 1976]. These
studies related interplanetary observations to large-scale X-ray features, e.g., coronal holes or large complexes
of loop-like structures. We decided that the next logical step was to make more detailed comparison with the
loop-like structures which spanned 5* or more of heliographic longitude or latitude.

We have therefore prepared an atlas of X-ray features from the S-054 Skylab data covering Carrington
Rotations 1601 - 1610 (Nay 29, 1973 to January 31, 1974). In order to facilitate comparison with other Skylab
data, we have mapped the X-ray features onto synoptic charts in heliographic longitude and latitude which overlay
the Iz Synoptic Charts of Mintoah [976]. We caution the user that, since we were initially Interested in coarse
(b 100) structure, we worked from positive prints made from 70-a. negatives available from the National Space
Science Data Center. These are of siqnificantly lower qualitv than that available from ASK internegatives,
as we document below. Even though individual loop locations and configurations cannot be considered exact.
we intend to use these X-ray synoptic charts as indicators of the general characteristics of regions of about 20*
x 20" in area. In other words, these charts can adequately identify loop arcades, loop complexes associated with
strong fields, and areas devoid of emission loops, but they are inadequate for any study of the geometry of
individual loops. We regard their main utility to be in conveying a global sense of coronal organization which is
difficult to gain from Individual (disk) images. These charts are in Appendix A.

2. SYNOPTIC CHARTS OF X-RAY FEATURES FROM THE SOFT X-RAY PHOTOGRAPHS TAKEN BY THE SKYLAB EXPERIMENT S-054
(AMRICAN SCIENCE AND ENGIIEERINI, INC.)

The basic data set was the 70-mm microfilm, (National Space Science Data Center, No. 73-027A-0S13), from
which 8" x 10" glossy prints were made at two different exposures. These photographs covered Carrington Rotations
1601 - 1606, and those used are listed In Table 1 by umers between I and 163. On rotatfons 1609 - 1610. the
S-064 images were partially obscured by a defective filter wheel, but usable Images were provided on 6" x 10*
negatives by J. T. Nolte of ASSE. The out-of-focus Image of the deformed filter wheel was clearly Identifiable
and seriously affected only a portion of the image. Contact prints wore ade of these negatives, and those usedare listed by a 5-digit numer in Table 1. A _Imontae" of the useful portions of the X-ray Images from rotations

1609 and 1610 was published by Mitchell at al. [198o.

In order to use the photographs, the north and south poles of the Sun had to be located in each photograph.
The roll angle (Y ) for the time when each picture was taken wes found in the "Skylab X-Ray Telescope Film Inge
Catalog" provided"ly NSSDC with the documentation of the microfilm. Using a transparent overlay on the
photographs, the poles were key to locate. By centering the solar disk and aligning the lines with fiducial
marks on the left side of the photographs. y located the north p le. In some photgerphs, iducial marks did
not exist on the left side. In this case tMe arks on the right side were aligned with the result that Yu gave
the south pole of the Sun.

--- --- -- --- .. --. .......



From the time of the day when the picture was taken, the holiographic longitude of centre! meridian could be
calculated. These longitudes are listed (by photograph nmber) in Table 1. Storhurst Sun disks (transparent
overlays) for integer values of the Inclination (8o ) of the solar equator were laid over the photograph and the
latitudes and longitudes read directly.

Fo- each area of the Sun during rotations 1601 - 1606. photographs were examined and those in which the
region of interest was most clearly shown were chosen. This choice generally included tjo or three photographs
taken before and to or three taken after the mn photograph. The different photographs mode It possible to view
the area of interest in the corona from mny different angles. Vieuing different photographs made it possible to
discern what three-dimensi-al loops existed and to pick out many that were not visible in the central
photograph. Only the central photographs are listed in Table 1.

TABLE 1

PRINCIPAL X-RAY PHOTOGRAPHS USED FOR CHARTS

Carrington Hel1longitude Time of Photo
Photo No. Rotation of CH (deg) (day:hr:mn)

1 1601 46 149:07:06
5 1602 352 153:07:59
7 1602 263 160:01:21

11 1602 210 164:01:20
17 1602 120 170:20:41
20 1602 85 173:12:32
24 1602 32 177:13:00
28 1603 339 181:11:42
33 1603 272 186:13:16
38 1603 206 191:12:53
44 1603 128 197:18:06
46 1604 314 209:16:44
52 1604 239 216:06:47
56 1604 176 221:01:10
63 1604 77 228:13:33
73 1605 312 238:00:39
81 1605 206 246:01:12
91 1605 73 256:02:00
97 1606 353 262:03:11
99 1606 32T 264:03:20
101 1606 288 267:01:10
105 1606 235 271:01:29
106 1606 222 272:00:44
115 1606 104 281:00:32
116 1606 90 22:01:2S
120 1606 37 26:01:53
125 1607 332 291:01:26
127 1607 298 293:14:06
136 1607 166 302:01:40
144 1607 81 310:02:12
149 1607 15 316:01:53
153 1608 303 320:12:14
ISS 1608 262 323:14:46
163 1606 164 331:01:43
050048 1609 140 360:05:23
051039 1609 96 363:13:41
051544 1609 17 4:12:37
05209S 1610 285 11:14:03
053275 1610 207 17:14:39
054996 1610 154 21:12:06
0S6362 1610 7S 27:14:12
056S42 1610 22 31:13:06

During rotations 1609 and 1610. the out-of-focus imp of a bent filter heel caused part of each photograph
to be obscured. For this reason, the procedure was modifted slightly. Starting with the earliest chose
photograph, loops seen on ac photograph were extracted. These loops were checked with the other photographs.
The photographs were studied In the order of when they are taken.

For the entire period, the lops chosen ware those In which both feotpeints ceuld be seen. Uhea bath
footpoints wae apparent, te were located by dots and connected with a dished lina. If both fetpoats could
not be detennrmed accurately, the midmm observed extent of the leap sh, b OW a dotted l1n. This was 4m
so that at least an 1dm of the structure Involved cold be obtained (e.g., btation 1609).
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After the loops were picked out. tho were traced on transparent acetate which was placed over the central
photograph. If the loops could be seen on the central photograph, they were dranm directly on the acetate. If
not, the Stonyhurst disks made it possible to find the latitudes and longitudes involved on adjacent images and
to relocate the loops on the drawing. In this manner, as many loops as possible were extracted from within 600
of the sub-terrestrial point in the central photograph.

Using Stonyhurst disks, the footpoints of the loops were transferred from the acetate tracings to
the H2 Synoptic Charts from the Skylab Atlas by Hcntosh [2DE. The were marked by dots and connected by lines
to show what loops exist. Again, if the exact locations of the footpoints are in question, the loops were
indicated by dotted lines. Certain areas of rotations 1603. 1608, and 1609 contain no data because of gaps in the
X-ray photographs.

Many possibilities for error exist in determining the loops. The error in locating the north and south poles
was less than 1/2 degree and was considered insignificant. The error in determining the longitude was at most
1/10 degree for rotations 1601 - 1608 and 1/2 degree for 1609 - 1610. The error from approximating 0 is less
than 1/2 degree for rotations 1601 - 1608, and less than one degree for 1609 - 1610. These errors are small and
random in nature. There are largee possibilities for error. Near central meridian, the error for locating
footpoints which can be seen is less than two degrees. Near the limb, however, the cosine projection effect
translates a small error in locating a loop Into an error as large as five degrees in longitude near the limb,
although latitude is unaffected. Such near-limb images were used only as a last resort due to missing data.

There are also many subjective factors in defining the X-ray structures. Four examples of configurations
which could be misinterpreted are shown in Figure IA, and the resulting drawings in Figure 13. The chances of
these misinterpretations were minimized by using many photographs for the same region. This enabled the
structures to be viewed from different angles, reducing the chances for error. In example (I) of Figure 1, two
snmal loops, if unresolved, may be drawn as a single larger loop. On the other hand, a long loop (example ii)
whose top is not visible in emission may be drawn as two shorter loops. Example (1i) is a dark X-ray filament
channel which sometimes overlies a large Nz filament. Since high-lying loops are often faint, continuity could be
suggested and the full loops drawn, or conversely, the dark gap could be discernible with the same result as
example (ii). Finally, if there are loops near high latitudes which extend over the limb but are not fully
illuminated (example iv). only their lower segments may appear in the drawing.

I
N N

' ""V

(A)) S

Fig. 1. A shows four X-ray structures likely to be misinterpreted. (3) shows the resulting drawings. In

i two unresolved loops were combined; in (11) the top of a loop is unseen and Is drawn as two loops;
In (III) a dark X-ray channel is interpreted as three complete loops; in (iv) unlit parts of a loop on
the liob are missed.

In addition, there will be one rather obvious situation where no loops *v'I appear on the chrts, although
the are likely to be present On the Son. On the 64-scond exposure negatives used for this stud (ISSOC-73-027A-
KC/0), active region X-ray plops (Whi often overlie Hz plages) are strongly ver-,exposed. Therefore, end
points of loops leading Into plages were not Identifiable, nor were loops lying completely within large plages.
Conseqonntly these charts depict only large-scale loops with at least one footpoint well away frm bright X-ray
plage regions.

An independent problem was that in man cases there was evolution of the loop structure from day-to-da. The
result of this is that specific loops have to be chosen on a giM photograph, while a doW later the strecture m
aper different en another photograph. This NS espocially apporent for parts of rotations 1ow and 1610.

3
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The result of all these inherent and subjective error! is that the results must be viewed as approximate.
This fact can be easily seen if one compares drawings showing photographs 106 and 106 at central meridian as shown
in Figure 2. The difference in central meridian is 12.6. There are many similarities, but also many
differences, even though the photographs were taken only one day apart.

The photographs were fourth-generation prints. For photograph 063 and adjacent photographs, second-
generation prints were obtained from American Science and Engineering, Inc. As can be seen from Figure 3, which
compares the drawing made from (A) NSSOC 70-ma microfilm #63 with the drawing made from (B) AS&( R" x 10" second-
generation negatives, the loop structure seen is more complex in the higher quality prints than In those used to
make these charts. However, the large scale structure is similar, and this was our main objective.

N N

Fig. 2. Drawings of photograph 105, in (A), and 106, in (), are compared. They have central neridtans of

L-235.3* and L-222.50 respectively. Though taken only one day apart, the Interpretations are different.

N Ni

(All S (B) S

Fig. 3. Drowings of X-ray structures madefrim ISSIC M 70-m mcrofilm f63. (A), and an r x I0 socond-gnertion
negative of the sM region, (B), stow that although (A) shows fewer details, the large scale pattern
are similar.

4
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The X-ray structures, as drawn on a rectangular heliographic latitude and longitude grid, are printed In
color and overlaid on the M2 Synoptic Charts. When both loop footpoints were apparent, they were located by dots
and connected with a dashed line. If both footpoints could not be determined accurately, the minimm observed
extent of the loop was shown by a dotted line (as on rotation 1609).

The Image resolution on rotation 1610 was also low. but for clarity, the loop connections are shown simply as
dashed lines. The strongly over-exposed images of X-ray plages (where no loops can be resolved) are Indicated by
regions diagonally striped in color. The regions stippled in color are the coronal holes CH I through CH 6, taken
from 54te at alZ., [976b]. Boundaries for coronal holes not covered by that publication were taken from Bohlin
and Rub[etin. [1075]. Areas not covered by either publication show no boundary data. The boundary of one
particularly extensive hole, extending from the south pole up past the equator in the eastern hemisphere on rota-
tion 1610 was estimated by mtoaeUz at az. r1moe from the same soft X-ray photographs listed In Table I and is
shown on the chart.

All-in-all, we believe that if the Synoptic Charts of X-ray features are regarded as what the eye perceives
In the X-ray photographs (and therefore as indicative only of the approximate location and nature of the actual
emission features), they will be useful as a representation of large-scale coronal structures. Te synoptic
charts should be considered as preliminary, but sufficiently accurate for use as they stand, within the guidelines
set down in the Introduction. Note added in poof: Final cross-checking of the printed charts revealed two
regions of systematic misalignment, aside from isolated minor plottinq errors (the great majority of which were
less than 2" in position). On rotation 1605, all footpoints west of 310" should be shifted 2" toward the east.
and on rotation 1608, all footpoints between 120' and 3S0" should be shifted 2" to the west. These mislignments
are noted on the two charts.

ACKNOWLEDGMENTS
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11. SOLAR FLARE ACTIVITY
kABSTRACT

Charts of time versus longitude for each of Carrington Rotations 1600 - 1611 depict:
1) Ni importance, briqhtness, and location of confirmed flares; 2) peak flare X-ray flux1-8A; 3) peak flare decimetric radio intensity; and 4) flux of 1.8 - 4.5 HeV protons
plotted at their high coronal emission longitude estimated from simultaneously measured
solar wind velocity.

1. INTRODUCTION

These Solar Activity Charts are a compilation for the Skylab period of selected indices of optical solar
flares, radio bursts, soft X-rays, and energetic particles in a concise form. The charts were initially designed
to complement studies of te coronal and interplanetary distribution of energetic solar particle populations,
although their compact representation of spatial and temporal relationships has been of assistance in a wide
varilty of solar-terrestrial studies. The charmi show the Nx importance and brightness of confirmed flares, the
1-8 Apeak X-ray flux and a spectral Iverage of decimetric radio emissions related to the optical flares. Full
disk coverage extends from April 13, 1973 through February 24, 1974. See Appendix B.

The energetic particle fluxes are represented on the charts as a continuous swath centered on the estimated
high coronal connection longitude of the large scale interplanetary field line from Earth. The width of the swath
Is proportional to the logarithm of the - 3 0eW proton flux measured at Earth. The charts are organized In
heliographic longitude versus time so it is easy to follow the development of an active region throughout its disk
passage on a given solar rotation as wll as its recurrences over several rotations, since all the activity from a
given region falls on a straight vertical line. Conversely, all the flares and related radio and X-ray bursts on* the disk at a given time are distributed along a horizontal line. The charts also Indicate directly the distance
between an active region and the Iongitd where energetic protons (associated with activitf in that reqion) were
injected onto the interplanetary field lines leading to the Earth.

2. PROCEDURE FOR OWAICM SOLAR ACTIVITY CHATS
On th Solar Activity Charts for Carrington Rotations 1600 . 1611, time is measured on the vertical axis and

heliographic longitude on the horizontal axis. Tim progresses upward and is measured in day of year on the left
and day of month on the right. Thus tie locus of each lim progresses from lower right to upper left. The format
follows that introduced by Old a at. [1#?4].
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The data on the activity charts are accurate to approximately one degree and to two hours. The confirmed

visible flares, their X-ray data and their radio data were all found in solar-Gophysical azta (Cop,.ehensi.ve

Reports). The imortance of the Hb flares is shown by the size of the circle. Bright flares are solid, while

normal and faint ones are open. The flares shown range in importance from importance -) to imortance 3. If

more than one flare occurred in the same active region within a two-hour interval, only the flare of highest

imortance was plotted.

The numer of the Y'ath Plage Region (MPR) containing the activity is indicated along the bottom of the chart,

with northern and southern latitude regions listed on two separate lines. Where more than one MPR occupies the

same tungitude each additional region is coded with a different non-circular symbol.

The radio burst peak intensities are indicated by diagonal dashes emanating from each flare symbol. The

radio data considered were those from the essentially identical instruments at Sagamore Hill (Massachusetts),

'4anila, the Canary Islands, and Athens. The frequencies used were 1415. 2695. 4995, and 8800 14z. If the radio

data peaked within 10 minutes of the flare's 1ti peak, they were considered. The radio flux shown on the activity

charts is the average over the fgUl frequencies of the highest flux observed among the four observations at each

frequency. The flux is in WtOLIVHz.

The 1-8 A X-ray fluxes were measured by the Solrad 9 or Solrad 10 spacecraft and reported in Solar-
Peophyjeical Vata. The peak fluxes are indicated by horizontal or vertical dashes emanating from the flare

symbol. They are ostociated with a given flare if the peak in va and X-ray occurs within five minutes. Flux

units are ergs/104cms. The three X-ray levels on the charts correspond to Boulder classifications M1-M4, M5-X4,

and ;X5.

The connection longitude of the 1.8-4.5 MeV omnidirectional proton flux Is shown on the activity charts. The

flux was measured by the JHU/APL energetic particle experiments on the IMP-7 and 8 spacecraft and is indicated at

the estimated high coronal "connection longitude". The connection longitude is the estimated source longitude of

the Interplanetary plasma and "frozen In" Interplanetary meqnetic field, estimated using observed (1 hr. avg.)

solar wind velocities provided by the National Space Science Data Center from the MIT and LASL plasma instruments f

on the same spacecraft [ote and Roelof, 1973]. The flux of the - 3 MeV protons is indicated by thf width of the

bar centered on the connection longitude path. It is measured to the nearest decade in particles/an s sr MeV.
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APPENDIX A

Ha Synoptic Charts, Rotations 1601-1610
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APPENDIX B

Solar Activity Charts, Rotations 1600-1611
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PiggOtt. British Antarctic Survey, c/O Appleton Laboratory, Slough, UK. October 1975. 294 pp, $4.00.

UA0-51 'Synoptic Maps of Solar Corone Hole Boundaries Derived from He It 304A Spectroh alsgras from the Manned
Skylab Mission,' by J.D. Bolin and D.M. Rubenstein, U.S. naval Research Laboratory. Washington, DC.
Noember 1975, 30 pp. 10.S4.

UAG-52 'Enpernmiftal Comrehensive Solar Flare Indices for Certain Flares, 1970-1974*, o Helen W. Dodson and E.
Ruth 90ammn, cth-Mulbert Observatory, University of Michigan Pontiac, M. Noveaer 1975, 27 pp. $0.60.

UAG-S3 'Description and Catalog of Innospheric F-Rgie Data, Jitearca Radio Observatory (Movember 1966 - April
1969), by W.L, Clark and T.t. Van Zandt. 11AA Leon laboratory, Bolder, CO. and J.P. McClare, University
of Taes as Dallas, Dallas, TX, April 1976. inA Z- * 33.

..- &Mro -~ ..



UA-54 "Catulog of Ionosphere Vertical Soundings Data," prepared by NOA Environmental Data Service. Boulder, CD,
April 1976. 130 pp, $2.10.

UA-55 "Equivalent Ionospheric Current Representations by a New Method, Illustrated for 8-9 November 1919 Magnetic
Disturbances." by Y Kamilde. Cooperative Institute for Research in Environmental Sciences. University of
Colorado. Boulder, C; H.. Kroehl. Data Studies Division. National Geophysical and Solar-Terrestrial Data
Center. Boulder, CO; M. canaoltsu. Advanced Study program, National Center for Atmospheric Research, Boulder.
CU; Joe Haskell Allen, Data Studies Division, National Geophysical and Solar-Terrestrial Data Center,
Boulder. CO; and S.-I Akasofu. Geophysical Institute. University of Alaska. Fairbanks. At, April 197G. 91 pp.
51.60 (microfiche only).
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0. Kamide. Cooperative Institute for Research in Environmental Sciences, University of Colvrado, Boulder, C,
April 1976, 37 pp. $1.39.

UAG-S7 "Manual on Ionospheric Absorption Measurements," edited by K. Rower. lnstitut fur Physikalische
aeltraumforschung, Freiburg. GFR, June 1976, 302 pp. $4.27.

UAG-58 "ATS6 Radio Beacon Electron Content Measurements at Boulder. July 1974 - May 1975." by R.B. Fritz. HOAR Space
Environment Laboratory. Boulder, CO, September 1976. 61 pp. $1.04.

UA-59 "Auroral Electrojet Magnetic Activity Indices A1(11) for 1974." by Joe Haskell Allen, Carl C. Abston and
Leslie D. Morris. National Geophysical and Solar-Terrestrial Data Center, Boulder. CO. December 1976. 144 pp.
$2.16.

UA-60 "Geomagnetic Data for January 1976 (AE(7) Indices and Stacked Magnetograms)," by Joe Haskell Allen. Carl C.
Abston and Leslie D. Morris, National Geophysical and Solar-Terrestrial Date Center, Boulder. CD. July 1977.
57 pp, $1.07.

UA-61 "Collected Data Reports for STIP Interval 1I 20 March - 5 May 1976. edited by Helen E. Coffey and John A.
.Cinn, World Data Center A for Solar-Terrestrial Physics, Boulder, CO. August 1977. 313 pp. $2.95.

UA-62 "Geomagnetic Data for February 1976 (AE(7) Indices and Stacked Magnetograms)." by Joe Haskell Allen. Carl C.
Abston and Leslie D. Morris, Rational Geophysical and Solar-Terrestrial Data Center. Boulder. CO. September
1977, 55 pp. $1.11.

UAG-63 "Geomagnetic Data for March 1976 (AE(7) Indices and Stacked Magnetograms)," by Joe Haskell Allen, Carl C.
Abston and Leslie D. Morris. National Geophysical and Solar-Terrestrial Data Center. Boulder. CO. September
1977. 57 pp. $1. 1.

UAG-64 "Gomgnetic Oata for April 1976 (AE(B) Indices and Stacked Magnetograms)." by Joe Heskell Allen, Carl C.
Abston and Leslie o. Morris, National Geophysical and Solar-Terrestrial Data Center. Boulder. CO. February
1978, 55 pp. $1.00.

UA-65 "The Information Explosion and Its Consequences for Data Acquisition. Documentation. Processing, by G.K.
Hartmnn, aox-Planck-Institut fur Aeronomie, Lindau. GFR. May 1978. 36 pp, $0.75.

UAG-66 "Synoptic Radio Raps of the Sun at 3.3 M D970-1973." by Earle B. Mayfield and Fred I. Shimabukuro, Aerospace
Corp.. El Segundo. CA, May 1978, 30 pp. $0.75.

UA-67 "Ionospheric D-Region Profile Data Base, A Collection of Computer-Accessible Experimntal Profiles of the 0
and Lowr E Regions," by L.F. Mcfamra, Ionospheric Prediction Service. Sydney. Australia. August 1978. 30
pp, $0.88 (microfiche only).

UA-68 "A Comparative Study of Methods of Electron Density Profile Analysis." by L.F. icNemara, Ionospheric
Prediction Service, Sydney, Australia, August 1978, 30 pp. $0.88 (microfiche only).

UA-69 "Selected Disturbed D-Region Electron Density Profiles. Their relation to the undisturbed 0 region." by L.F.
McNamara. Ionospheric Prediction Service. Sydney, Australia, October 1978, 50 pp, $1.29 (microfiche only).

UAG-70 "Annotated Atlas of the H-lpha Synoptic Charts for Solar Cycle 20 (1964-1974) Carrington Solar Rotations
1487-1616," by Patrick S. Mclntosh. NOM Space Environment Laboratory, Boulder, CO. February 1979. 327 pp.
$3.50.

UA-71 "Magnetic Potential Plots over the Northern Hemisphere for 26-28 March 1976." A.D. Richmond, NORA Space
Environment Laboratory. Boulder. CO; S.W. Kroehl, National Geophysical and Solar-Terrestrial Data Center,
Boulder, CO; M.A. Henning, Lnckheed Missils and Space Co., Aurora. CO; and Y. Eamide, Kyoto Sangyo
University. Kyoto. Japan, April 1979. 118 pp. $1.50.

0A-72 "Energy Release in Solar Flares. Proceedings of the Workshop on Energy Release in Flares. 26 February - I
March 1979. Cambridge. Massachusetts. U.S.A.," edited by David M. Rust. Aerican Science and Engineering.
Inc.. Cambridge, MA. and A. Gordon Eilse. Harvard-SGithsonlan Center for Astrophysics, Cambridge. i. July
1979, 68 pp, $1.$0 (microfiche only).

UA-73 "Auroral Electrojet Magnetic Activity Indices 61(I1-12) for January - June 1975," by J.. Allen. C.C. Abston, J.E.
Salazar and J.A. tcinnon, ational Geophysical and Solar-Terrestrial Data Center, NORA. Boulder. CO, August
1979, 114 pp. $1.75.

UAG-74 "ATS-6 Radio Beacon Electron Content Measurents at Oetacam nd, India. October - July 1976," by S.D. Boewr.
K. Davies, R.F. Donnelly. R.N. Grubb, J.E. Jones and J.9. Tylor. NORA Space Environment Laboratory, Boulder,
CO. and R.0. Rastogi, N.R. Deshpande. H. Chandra and G. Sthia, Physical Research Laboratory, Ahmedabad,
India, March 1980. 56 pp. $2.50.

UA-75 "The Alaska INS Meridian Chain: Magnetic Variations for 9 March - 27 April 1978," by H.W. Kroehi and G.P.
tosinski. Rtional Geophysical and Solar-Terrestrial Data Center. Boulder, C; S.-I Adasofu, G.J. Ramick. C.E.
Campbell and 0.K. COrrick. University of Alaska, Fairbanks, AK; and C.E. iornback and A.M. Gray, 08A6 Space
Environmnt Laboratory, Boulder, CO. June 1980. 107 pp. $3.00.

UAG-76 "Auroral Electrojet Magnetic Activity Indices 61(12) for July - Deceber 1975," by J.H. Allen, C.C. Abston, J.E.
Slazar and J.A. McKinnon, National Geophysical and Solar-Terrestrial Data Canter, ICA, Boulder, CO. August 1980,
116 pp, $2.50.

UA-77 "Synoptic Solar Magnetic Field Maps for the Interval Including Carrington Rotations 1601-1600, May 5. 1973 - April
26, 1979," by J. Harvey, B. Gillespie, P. Mledaner and C. Slaughter, KitE Peak National Observatory, Tucson. AZ.
August 1980, 66 pp. $2.50.

UAG7-B "The Eqoatorial Latitude of Auroral Activity ouring 1972-1917," by N.R. Sheley, Jr. and R.A. Howard, E. 0. Hulboet
Center for Space Research, U.S. Naval Research Laboratory, Washington, BC and B.S. Dandekhar. Air Force Geophysics
Laboratory. Henscom AF, MR. October 1900, 61 pp, $3.00.
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